Introduction
Strained silicon on Si x Ge 1-x layer becomes more and more important as the minimum feature size of MOSFET is down-scaled to nano-scale region. Si x Ge 1-x can be epi-taxially grown on Si wafers and it allows the engineering of bandgap, energy band structure, effective mass, mobility and numerous other properties [1] . Therefore, Si x Ge 1-x is a significant potential material to be applied in the fabrication of high-speed electronic and optoelectronic devices. Ni silicide has also been investigated for use as a next generation salicide candidate, due to its inherent line width independent sheet resistance characteristics. Although NiSi can be formed by a single RTP-step at low temperature range [2] , it is highly sensitive to the post-silicidation process temperature. Therefore, the thermal stability problem of NiSi or Ni-Germanosilicide (NiSi formed on the SiGe) should be overcome for the application of them to the ULSI technology. Especially, Ni-Germanosilicide is inevitable for nano-scale CMOSFETs because the NiSi layer should be formed in SiGe layer due to the ultra thin strained silicon layer.
In this paper, novel Ni GermanoSilicide using 1%-nitrogen doped nickel and Co/TiN double capping layer is proposed for highly thermal immune Ni Germanosilicide suitable for nano-scale CMOS technology.
Experimental
100 nm thick Si 0.8 Ge 0.2 was epi-grown gradually on p-type silicon substrate. Key process flow was summarized in Fig. 1 . Using RF magnetron sputtering system, 1%-nitrogen doped Ni, Co and TiN (N-Ni/Co/TiN: 8/2/25 nm) were deposited sequentially. N-Ni and TiN (N-Ni/TiN: 10/25 nm) and pure Ni/TiN (Ni/TiN: 10/25 nm) were also prepared for comparison. The base and working pressure were 5 × 10 -7 Torr and 3 mTorr, respectively. TiN capping was applied to protect oxidation of silicide as well as the Si out-diffusion. RTP was applied at 400 ~ 800 for 60 s to ℃ form the Ni Germanosilicide. Un-reacted metals were selectively etched in sulfuric acid. Finally, post-silicidation annealing at 500 or 600 for 30 min was carrie ℃ d out to evaluate the thermal stability of the Ni Germanosilicide.
Results and Discussion
Fig . 2 shows that N-Ni/TiN case has more stable and wider RTP window than Ni/TiN case. And, the introduction of Co layer further improves the Ni Germanosilicide property as shown in Fig. 2 (a). Moreover, N-Ni/Co/TiN shows the best thermal stability among the samples and the increase of sheet resistance is less than 30 % even at 600 ℃ for 30min post-silicidation annealing as shown in Fig. 2 
(b).
Cross-sectional FESEM (Field Emission Secondary Electron Microscopy, S-4700, Jeonju branch of KBSI) shows that there is little difference of the interface profile between Ni/TiN ( Fig. 3(a) ) and N-Ni/Co/TiN (Fig. 3(b) ) just after RTP at 550 ℃ for 60 s. However, Ni/TiN (Fig.  3(c) ) shows severe agglomeration after annealing at 600 ℃ for 30 min while N-Ni/Co/TiN (Fig. 3(d) ) shows little degradation. Therefore, Ni Germanosilicide with Co layer shows quite thermal stable characteristics. Figure 4 shows AFM surface roughness of Ni Germanosilicide using N-Ni/Co/TiN before and after post-silicidation annealing. The surface roughness is about 0.3 nm (before) and 1.7 nm (after) and they show better surface roughness compared to pure Ni case (0.4 nm: before, 2.1 nm: after).
It is quite interesting that Nitrogen mainly distributes at the surface region as revealed by SIMS (Secondary Ion Mass Spectrometry) depth profile (Fig. 5) . And there are no shifts and changes of distribution in spite of the high temperature post-silicidation annealing. Therefore, it is believed that the improvement of thermal stability is due to the retardation of Ni diffusion by Nitrogen atoms which can stuff in grain boundaries [3] [4] [5] [6] . Figure 6 shows the phase identification using XRD (X-Ray Diffractometer). After silicidation, there are only mono silicide phases (Ni(Si 1-x Ge x )) both for Ni/TiN and N-Ni/Co/TiN. On the other hand, after post-silicidation annealing at 600 ℃ for 30 min, di-silicide phase (Ni(Si 1-x Ge x ) 2 ) was formed in case of pure Ni/TiN. However, there is no phase transition in case of N-Ni/Co/TiN. XPS depth profile indicates that there is small variation of the compositional rate in spite of high temperature annealing as shown in Fig. 7 . It is also shown that Co atoms distribute mainly at the top region, which means that there are two distinct regions, i.e., Co-rich layer at the top and Ni-rich layer at the bottom regions. Therefore, it can be said that Nitrogen and Co-rich layer results in highly thermal immune Ni Germanosilicide.
Conclusions
In this paper, 1-% nitrogen doped Ni with Co/TiN double layer was proposed to improve the thermal stability of Ni Germanosilicide suitable for nano-scale CMOSFETs application. Thermal stability is improved a lot by the Nitrogen incorporation and it is further enhanced by the introduction of Co layer. Even after annealing at 600 ℃ for 30min, the sheet resistance increase was less than 30 % and there was no agglomeration. It is believed that Nitrogen and Cobalt which distributed mainly at the top region etards Ni diffusion during post-silicidation annealing. r 
